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Abstrat
We ontinue the disussion of a proposed model of hidden setor of the Universe, onsisting
of sterile spin-1/2 Dira fermions ("sterinos"), sterile spin-0 bosons ("sterons") with sponta-
neously nonzero vauum expetation value, and sterile nongauge mediating bosons ("A bosons")
desribed by an antisymmetri-tensor eld (of dimension one). The Standard-Model eletromag-
neti eld (of dimension two) multiplied by the steron vauum expetation value beomes in a
spontaneous way a soure of A-boson eld mediating new weak interations in hidden setor
and providing  due to the ation of eletromagneti eld in both setors  a weak oupling
between hidden and Standard-Model setors ("photoni portal"). The proposed photoni portal
emphasizes even more the role of eletromagneti eld in the struture of the Universe.
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1. Introdution
In a reent work [1,2℄, we have onjetured the existene of a sterile nongauge antisymmetri-
tensor eld Aµν (of dimension one) that is weakly oupled to the pair ϕFµν of a sterile
spin-0 boson eld ϕ and the Standard-Model eletromagneti eld Fµ ν = ∂µAν−∂νAµ (of
dimension two), as well as to the pair ψ¯ψ of a spin-1/2 fermion eld ψ and its anifermion
ounterpart. So, suh a onjeture leads to the new weak interation
− 1
2
√
f
(
ϕFµν + ζψ¯σµνψ
)
Aµν , (1)
where
√
f and
√
f ζ denote two dimensionless small oupling onstants (f > 0). The
interation (1) appears in our model in addition to the familiar Standard-Model weak
interation (and also the very weak universal gravity).
Thus, in our model, the sterile eld Aµν mediates new weak interations within a
hypothetial hidden setor of the Universe (responsible for old dark matter), onsisting of
sterile spin-1/2 fermions ψ ("sterinos"), sterile spin-0 bosons ϕ ("sterons") and sterile non-
gauge spin-1 bosons Aµν ("A bosons") of two kinds with parity − and +. It also provides
a new weak oupling between the hidden and Standard-Model setors due to the ation
of Standard-Model eletromagneti eld Fµν in both setors (after the Standard-Model
eletroweak symmetry is spontaneously broken by the Standard-Model Higgs mehanism).
We have alled this seond way of mediation the "photoni portal" to the hidden setor.
Thus, our approah to the hidden setor diers from the popular one, where the "Higgs
portal" to the hidden setor works [3℄.
In Refs. [1.2℄, we have assumed that
ϕ =<ϕ>vac+ϕph , (2)
where <ϕ>vac is a spontaneously nonzero vauum expetation value of the steron eld
ϕ,while ϕph 6= 0 denotes the physial steron eld. The value <ϕ>vac 6= 0 has been used
to generate the masses mψ, mϕ and M of sterinos, sterons and A bosons. The mass sale
M of A bosons is typially expeted to be large, but a moderate value for it is not a
priori exluded. In addition, the term with <ϕ>vac 6= 0 in the interation (1) generates
spontaneously a tiny sterino magneti moment
1
µψ =
fζ
2M2
<ϕ>vac , (3)
sine the oupling (1) implies for sterinos (though they are eletrially neutral) the eetive
magneti interation
− fζ
2M2
<ϕ>vac ψ¯σµνψF
µν
(4)
(f. the eetive oupling (8)).
Note that with the use of interation Lagrangian (1) the following eld equations hold
for Aµν and Fµν :
(−M2)Aµν = −
√
f(ϕFµν + ζψ¯σµνψ) (5)
and
∂ν(Fµν +
√
f ϕAµν) = −jµ , Fµν = ∂µAν − ∂νAµ (6)
("supplemented Maxwell's equations"). Here, jµ is the familiar Standard-Model eletri
urrent.
The eld equation (5) shows that, beside the pair ψ¯σµνψ, the eld pair ϕFµν is a
soure of the massive eld Aµν . Due to Eq. (2) with <ϕ>vac 6= 0, the pair ϕFµν in Eq.
(5) generates spontaneously a soure term −√f <ϕ>vacFµν for the sterile mediating eld
Aµν , whih is provided by the eletromagneti eld Fµν alone.
If momentum transfers mediated through the eld Aµν in virtual states are negligible
versus the mass sale M , then it follows from Eq. (5) that approximately
Aµν ≃
√
f
M2
(
ϕFµν + ζψ¯σµνψ
)
. (7)
Then, the interation (1) gives approximately the eetive oupling (in an eetive La-
grangian)
− 1
4
f
M2
(
ϕFµν + ζψ¯σµνψ
) (
ϕF µν + ζψ¯σµνψ
)
(8)
being an analogy of the Fermi oupling. Here, ϕ =<ϕ>vac+ϕph.
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In Ref. [2℄, the new weak interation (1) has been onjetured (more orretly) to
be embedded in a more extended weak interation displaying the overall eletroweak
symmetry spontaneously broken by the Standard-Model Higgs mehanism. In the present
note, we will restrit ourselves to the simpler interation (1).
2. Two kinds of sterile A bosons
The antisymmetri-tensor eld Aµν an be split into a vetor and an axial three-
dimensional elds
~A(E) =
(
A
(E)
k
)
and
~A(B) =
(
A
(B)
k
)
(k = 1, 2, 3) of spin 1 and parity
− and +, respetively, in an analogy to the splitting of the eletromagneti eld Fµν =
∂µAν − ∂νAµ into the eletri and magneti three-dimensional elds ~E = (Ek) and ~B =
(Bk) (k = 1, 2, 3),
(Fµν) =


0 E1 E2 E3
−E1 0 −B3 B2
−E2 B3 0 −B1
−E3 −B2 B1 0

 . (9)
Here,
~E = −∂0 ~A− ~∂A0 = (−Fk0) , ~B = ~∂ × ~A =
(
−1
2
εklmFlm
)
(10)
with
~A = (Ak) = (−Ak) and ~∂ = (∂k)− (−∂k) (k = 1, 2, 3). In fat, dening
~A(E) = (−Ak0) , ~A(B) =
(
−1
2
εklmAlm
)
(11)
(k = 1, 2, 3), we obtain
(Aµν) =


0 A
(E)
1 A
(E)
2 A
(E)
3
−A(E)1 0 −A(B)3 A(B)2
−A(E)2 A(B)3 0 −A(B)1
−A(E)3 −A(B)2 A(B)1 0

 = (A(E)µν )+ (A(B)µν ) . (12)
From Eqs. (9) and (12) it follows that
F µνFµν = −2
(
~E2 − ~B2
)
, AµνAµν = −2
(
~A(E) 2 − ~A(B) 2
)
(13)
and
3
F µνAµν = −2
(
~E · ~A(E) − ~B · ~A(B)
)
. (14)
On the other hand, making use of the matrix
(σµν) =


0 iα1 iα2 iα3
−iα1 0 σ3 −σ2
−iα2 −σ3 0 σ1
−iα3 σ2 −σ1 0

 (15)
of spin tensor σµν = (i/2)[γµ, γν], where ~α = (αk) = (γ
0γk) = (−iσk0) and ~σ = (σk) =
(γ5~α) = ((1/2)εklmσlm) (k = 1, 2, 3), we get
σµνAµν = 2
(
i~α · ~A(E) − ~σ · ~A(B)
)
. (16)
In onsequene of Eqs. (14) and (16), we an rewrite the interation (1) as
√
f
[(
ϕ~E − iζψ¯ ~α ψ
)
· ~AE −
(
ϕ~B − ζψ¯ ~σψ
)
· ~A(B)
]
(17)
and so, the eld equation [5℄ for Aµν in the form
(−M2) ~A(E) = −
√
f
(
ϕ~E − iζψ¯ ~αψ
)
,
(−M2) ~A(B) = −
√
f
(
ϕ~B − ζψ¯ ~σ ψ
)
. (18)
Here, as usual, ϕ =<ϕ>vac+ϕph with <ϕvac> 6= 0.
We an see from Eqs. (18) that the eletri and magneti elds
~E and ~B are involved
respetively in the soures of two dierent sterile mediating elds
~A(E) and ~A(B) being
parts of the relativisti struture Aµν . In partiular, in Eqs (18) there are soure terms
−
√
f <ϕ>vac ~E , −
√
f <ϕ>vac ~B (19)
spontaneously generated by <ϕ>vac and provided by ~E and ~B elds alone.
The sterile A bosons of two kinds desribed by the elds ~A(E) and ~A(B)  when they
propagate freely in spae  get the following wave funtions:
~A
(E,B)
~k
(x) =
1
(2π)3/2
1√
2ωA
~e (E,B)e−ikA·x , (20)
4
where kA = (ωA, ~kA) with ωA =
√
~k2A +M
2
, while ~e (E,B) = ~e
(E,B)
a (a = 1, 2, 3) are three
orthonormal linear polarizations for A(E) and A(B) bosons, satisfying the formulae
~e (E,B)a · ~e (E,B)b = δab (a, b = 1, 2, 3) ,
3∑
a=1
e
(E,B)
ak e
(E,B)
al = δkl (21)
with ~e
(E,B)
a = (e
(E,B)
ak ) (a = 1, 2, 3).
3. Deays of A (E,B) bosons into harged-fermion pairs
The sterile mediating bosons A(E,B) are unstable. Their simple deays are those into
pairs of harged fermions, A(E,B) → γ∗ → f¯ f , if M > 2mf (here, for instane, f = e− or
p; if M < 2mp, the deays A
(E,B) → p¯p are forbidden). Suh proesses are desribed by
the oupling
√
f <ϕ>vac
(
~E · ~A(E) − ~B · ~A(B)
)
(22)
being a part of the interation (17), jointly with the Standard-Model eletromagneti
interation−ef ψ¯fγµψfAµ of f fermions. In this ase, the orresponding S matrix elements
take in the lowest order the form (in an obvious notation) [1℄:
S
(
A(E)→ f¯f) = ef√f <ϕ>vac
[
1
(2π)9
m2f
E1E22ωA
]1/2[
u¯f(p1)
1
i
(
ωA~γ−~kAβ
)
·~e (E)vf (p2)
]
× 1
k2A
(2π)4δ4(p1 + p2 − kA) (23)
and
S
(
A(B) → f¯ f) = ef√f <ϕ>vac
[
1
(2π)9
m2f
E1E22ωA
]1/2[
u¯f(p1)
1
i
(
~kA × ~γ
)
· ~e (B)vf (p2)
]
× 1
k2A
(2π)4δ4(p1 + p2 − kA) . (24)
Then, the dierential deay rates
d 6Γ
(
A(E,B) → f¯ f)
d3~p1d3~p2
= (2π)3
∑
u v
1
3
∑
e(E,B)
|S(A(E,B) → f¯ f) |2
(2π)4δ4(0)
(25)
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give
d 6Γ
(
A(E) → f¯ f)
d3~p1d3~p2
=
e2ff <ϕ>
2
vac
(2π)2
1
6E1E2ωA
[
1− 2E1E2
M2
+ 2
(mfωA
M2
)2]
×δ4(p1 + p2 − kA) (26)
and
d 6Γ
(
A(B) → f¯ f)
d3~p1d3~p2
=
e2ff <ϕ>
2
vac
(2π)2
1
6E1E2ωA

 ~k2A
M2
−
(
~p1 × ~kA
M2
)2
−
(
~p2 × ~kA
M2
)2
×δ4(p1 + p2 − kA) . (27)
At rest (when
~kA = 0), the total deay rates in the hannels A
(E,B) → f¯f ,
Γ
(
A(E,B) → f¯ f) = ∫ d3~p1 d3~p2d 6Γ
(
A(E,B) → f¯ f)
d3~p1 d3~p2
, (28)
are
Γ
(
A(E) → f¯ f) = e2f f <ϕ>2vac
24πM
[
1 +
(
2mf
M
)2][
1−
(
2mf
M
)2]1/2
(29)
and
Γ
(
A(B) → f¯ f) = 0 , (30)
where ~p1 + ~p2 = ~kA = 0 and E1 + E2 = ωA = M (so, E1 = E2 = M/2 and |~p1| = |~p2| =√
(M/2)2 −m2f with M > 2mf ).
If tentatively f ∼ e2, ζ ∼ 1 and m2ψ ∼ m2ϕ(1 to 1/4) ∼<ϕ>2vac∼ M2(1 to 10−4),
then it follows from the thermal ondition (39) for sterinos disussed in Setion 4 that
M ∼ (650 to 1.6) GeV, and the formula (29) gives
Γ
(
A(E) → f¯ f) ∼ e4M(1 to 10−4)
24π
∼ 72MeV to 17 eV = 1.1×1023 1
s
to 2.6×1016 1
s
, (31)
when e2f = e
2
and m2f ≪M2 (~ = 1 = c).
A simple prodution proess for sterile mediating bosons A(E,B) is the inelasti Comp-
ton eet γf → γ∗f → Af at energies high enough to produe the mass M .
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4. Sterinos as andidates for thermal dark matter
In our model of hidden setor of the Universe, stable sterinos are natural andidates
for the thermal old dark matter (sterons are unstable, deaying e.g. as ϕph → γA∗ → γγ
through the part −(1/2)√f (<ϕ>vac+ϕph)FµνAµν of the interation (1)).
The abundane of dark matter presently observed by WMAP, ΩDMh
2 ≃ 0.11, gives
for the thermal average of total annihilation ross-setion of a weakly interating sterino-
antisterino pair (multiplied by sterino relative veloity) the familiar thermodynamial
estimate [4,1℄
<σann vDM>≃ pb ≃ 8
π
10−3
TeV2
(32)
(pb = 10−36 m2, c = 1 = ~). We will put here
σann ≃ σ(ψ¯ψ → e+e−) + σ(ψ¯ψ → ϕphγ) , (33)
where the proesses ψ¯ψ → γ∗ → e+e− and ψ¯ψ → ϕphγ are approximately desribed by
the parts of eetive oupling (8),
− 1
2
fζ
M2
<ϕ>vacFµνψ¯σ
µνψ , (34)
jointly with the eletron eletromagneti interation e ψ¯eγ
µψeAµ, and
− 1
2
fζ
M2
ϕph Fµνψ¯σ
µνψ , (35)
respetively.
Then, we alulate in the sterino-antisterino entre-of-mass frame (where vDM = 2vψ)
the following annihilation ross-setions [1℄:
σ(ψ¯ψ → e+e−)2vψ = 1
12π
(
e fζ <ϕ>vac
M2
)2(
1 +
2m2ψ
E2ψ
)
(36)
and
σ(ψ¯ψ → ϕphγ)2vψ = 1
6π
(
fζ
M2
)2(
1 +
2m2ψ
E2ψ
)(
E2ψ −
m2ϕ
4
)
, (37)
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where in the rst hannel the eletron mass me is negleted (Ee = Eψ ≥ mψ ≫ me).
Hene, as Eψ ≃ mψ for old dark matter, we get
σannvDM ≃
[
σ(ψ¯ψ → e+e−) + σ(ψ¯ψ → ϕphγ)
]
2vψ =
1
2π
(
fζ
M2
)2(
e2
2
<ϕ>2vac+m
2
ψ−
m2ϕ
4
)
(38)
(e2 = 4πα = 0.0917 with α = 1/137). Here, < σann vDM >= σann vDM. Comparing Eqs.
(32) and (38), we obtain
1
16
(fζ)2
(
e2
2
<ϕ>2vac+m
2
ψ −
m2ϕ
4
)
≃ M
4
TeV2
× 10−3 . (39)
This is a ondition for sterinos to be thermal old dark matter in our model of hidden
setor.
Putting tentatively f ∼ e2 , ζ ∼ 1 andm2ψ ∼ m2ϕ ∼<ϕ>2vac∼M2, we estimate from the
ondition (39) that M ∼ 650 GeV. Alternatively, putting tentatively f ∼ e2 , ζ ∼ 1 and
m2ψ ∼ m2ϕ/4 ∼<ϕ>2vac∼ M2, we alulate that M ∼ 160 GeV. Eventually, if tentatively
f ∼ e2 , ζ ∼ 1 and m2ψ ∼ m2ϕ/4 ∼<ϕ>2vac∼ M2 × 10−4, then M ∼ 1.6 GeV (here, M is
< 2mp). In the last ase, partiles of the hidden setor are light (mψ ∼ mϕ/2 ∼ 16 MeV).
5. Conlusions
In this note, we have emphasized a two-level struture of the proposed model of hid-
den setor of the Universe weakly oupled with its Standard-Model setor through the
"photoni portal". On the rst level, the Standard-Model eletri urrent jµ ats as the
soure of the eletromagneti gauge eld Fµν ,
∂ ν
[
Fµν +
√
f(<ϕ>vac+ϕph)Aµν
]
= −jµ , Fµν = ∂µAν − ∂νAµ , (40)
while on the seond level, the eletromagneti eld Fµν multiplied by <ϕ>vac 6= 0 beomes
in a spontaneous way a soure of a sterile nongauge eld Aµν mediating interations in
the hidden setor,
(−M2)Aµν = −
√
f
[
(<ϕ>vac+ϕph)Fµν + ζψ¯σµνψ
]
. (41)
A simple two-level proess is here A → γ∗ → f¯ f desribed in Setion 3. The familiar
8
Standard Model has, on the ontrary, a one-level struture, where its urrents, treated on
the same footing, are soures of all their gauge elds.
Beside Eqs. (40) and (41), the sterino and steron elds, ψ and ϕ =<ϕ>vac +ϕph,
satisfy the sterile-matter eld equations
(
iγµ∂µ − 1
2
√
f ζσµνA
µν −mψ
)
ψ = 0 (42)
and
(−m2ϕ)ϕph =
1
2
√
f FµνA
µν . (43)
The masses of sterile partiles, mψ, mϕ and M , an be spontaneously generated by
<ϕ>vac 6= 0 (what introdues neessarily additional weak ouplings of ϕph in Eqs. (40)
(43)) [1℄.
As mentioned at the end of Introdution, our proposed two-level struture of the
Universe an be embedded in a more extended two-level struture displaying the overall
eletroweak symmetry spontaneously broken by the Standard-Model Higgs mehanism
[2℄.
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